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On Relation between Production of Heat by Friction
and Durability in Netting Thread

By

Fumio Fukasawa

Earlier works suggest that the wearing process of netting-threads by friction may
be explained in terms of the effect of heat. In synthetic fibers the adhesion mech-
anism caused by frictional heat is complex, and it is necesary to be explained by
considering the effect of heat which is an important factor. In this paper, the effect
of heat has been studied, based on the friction between the netting-thread and the
low-carbon steel wire (B.S. No.20). The general arrangment of the apparatus to
measure the temperature of wire by the thermocouple is shown'in Fig. (1),

The heat given out by friction is expended in raising the temperature not only
of the wire, but also of the thread. Some heat is lost in the radiation, and then
the heat distributed along the surface of contact of the thread with the wire is
proportional to the thermal diffusivity, but it is negligible. Hence the total
heat of the wire is approximately equal to the heat produced by friction. The
thread is driven by a motor at a frictional velocity V and a given normal force
P, and its stroke is 10cm. If M is the heat capacity of wire, K the rate of the loss
of heat per second and x the coefficient of friction between the thread and the wire,
the heat given out by friction in the wire is dQ=PxVd¢, and the loss of heat in a
time dt is K(0—8,)dt, when its temerature is raised from the temperature 8, of the

air to 9. The observations can be represented by the following forms :-

(6 —8.)=0Q{ 1| —exp(—~Kt/M)}/K . (1)
(' —6,)=AP* (2)
P=Cr# (3)

where A and C are constants. Equations {2) and (3) are the relations among the
temperature ¢’ of thread broken by friction, duration and normal force. The values
for (8 —b,) calculated from (1) are less than the observed values in the first period
of sliding. This difference suggests that the coefficient of friction varies with
temperature at a given (P, V). The behaviour of « is represented by the following

relation :-
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#=K(0—0,)/PV{) —exp(--Kt/M)} (4)
In practice, the temperature rises very rapidly at first, and then slowly, approaching
the nearly stationary state. From equations (1), (2), and (4) the following
expression for #is derived :-

#=K(0—08,)/PV or #=BP*-1
where B is AK/V. The frictional behaviour of threads used for the experiments is
shown in Figures (2), (3), and (4).
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Fig. 1. Schematic diagram of wear tester. HBAILB I BIORTHEABELTE Y, Cof
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steel wire;( M), Multiplyer;(M.G.), F3:3)) TOEBLI,

Mirror galvancmeter; (P), Pulley:
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Table 1. SpeciFication of threads used for the experiment,

Number of the twists * *

Number Ply/No.| per 10 em of length Tensile Softening Second- :'d"'

Kind of materisl or - strength point transition
. . of yarn Upper I Lower K oc temperoture

Deniol twists ' twists 9
Amilan 210D 3175 12 1 23 65.3 210 80
Saran 10000 3/54 7.3 7.6 66.5 116—137 : 70—89
Cremona No.5. s00D | 3/51 10 ; i 55.0 190—200 70—50
Cremona Manrye | 20'S a/81 9.1 i 23 62.8 190—200 70—90
Cotton 20's | 3/%0 12 bo29 41.6

* Taken from reference -
RBRERRVTOER

1) #AROBEEARIC & 3 R0 LRI S0 TR & S0 & OFEBIIT IS T 5 BB & 5y st
i, BEEOEV, 8% & Sha  OMIOBHRRE #, HEMIE)I P HIT X oTZLT 3,
ST X S THDRET 3 BROGARMC S RTHRIHE SN 32T Q= PrVT LD
¥hi, #ed s HPEbN 38U ZORT AHEEK LT K@0—00) THH. Lo
12 BB T 0 1} EQDORM £ 12353 BRGROMETH 50 HEOMERSMEFTNLIH
OFBHORE LRI, #T5& 5 GRICEDABRUIHIVOTHITA L
{Q—K(@o—om)}/M
Tdh Ao HE2T de BTz )
do/{Q—K(0—00)}=dt/M
LR2RSULT =0, (0—00)=0DFRMHFEANS &

(0=00)= 0{ 1 —exp (= £)}/Kerieeenn m

BEsN 3, BANEKZEMNHETIZ L > THDLON S B/ILORE TS 555 #RANIT
EOTHE 3. RITHAY D 5 BEME CHEEUIATT S DTH 3 H 6 5Hh & OBELHHIO
HERBALIN S, COBATIITL>TIzbN A4S, VEELEETKIi%RD
TRIBRAYKIZ—ETH 5 L & SEADPIEUTL 3 BELHIEL TR LALVERT
& 3o WICHRIEMSICIET A REUL, REOBA LRI IE I3, TOHRUEIN
ARSI TILEOMRZEHE 2, Hihc, FE e BZMURET 5. REOBA IR OREEREHIY co
BEBTHE VY, WRTRZNDNCKDERRADOATTREZAL L TIRAS LW FE2
T, BHREKFERADZEDOMAR S PIZBDRIBLHA S & 2T OMEKH 20 13
In=11(V1) +22(Va) +3(Va) ‘
TRENBo 41, An, nidRAMME, K, KAOMEHRT VI, Vs, Valzilha, K, W0
BRE(%) T 50 LADEAD Aaid KD 11T Fo~ T 2FRE T FL-o B#HEI D YR 4TS B
UTER 2RI FHEMMBININ S b0 EERSD &, AFTHINLAOBEIMAUNET R
lo=21(V1) +22(V2) '
L3, REMOMELERTS L, @BROBIFEEH LI
k =21(V1)+ 22(V2) /eap1(V1) +c2pa(Ve)
THEDIND, {HL c1,01,02,02 MR KO EFEETH 50 ¢,2, 1 Dl AN TR
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Fig. 2. Relation between temperature (observed values) of the b=K/M
thread given out by Friction and sliding time. O, Amilan

P=1.8 Kg;: @, Cotton P=1.8 Kg: @, Cremona No. 5 Thd, SRLEL, (0 —00)D
P=1.8 Kg; @, Saran P=1.8 Kg; x, Cremona Manryo
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RO REFR ORI OB o & ERIT N P EITRBROEERT 3 Kb 65 ROERAHES
N3,
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Fig. 3. Relation betwean temperature @ of the thread broken
by Friction and normal force P, '

A, aDfRFP2ERZATNH TH 3,

Table 2. Values of constants in equation (1),(2),(3).

! f ; Ax10-3 | { Cx10" | Kx103
Kind of material a a—1 - : B { 8 ; , -
‘ | °Cldyne ! : " Dynefsec | Cal/°C.sec
Amilan | o.5s8! —0.442! 1.2 1 155 1 —0.283  1.e2 I 0.330
Saran | 0.545] —0.456° 13.5 | 12,4 | -—0.400, 1.0 0.219
Cremona No5 | 0.5431 —0.464' 17.6 ' 19.8 ' —0.419' 3.06 |  0.268
Cremona Manryo 0,536, —0.457 14.8 . 15.9 ' —0.618  3.04 |  0.25
Cotton | o.se8| —0.412' 5.58 ¢ 3.33 | —0.483 299 |  0.143

3) {EEMESIP & BEEERY c it 0T

Pl v tOBRiz, V=10cm/sec/s 2 AMAMKICRT LISl L TEDbIN5, Wb
P =crf BLQ e (3)
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BRROBEEN ¢ 255 L RBHOARBEOMAR TR, « AR LED 3iED
(P, 0) THiSMEOKEL2BLEDLLTWVAE, 7 T35 Tiz (P=3.6kg, 0 =80.7°C) @
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Fig. 4. Relation betveen normal force P and duration 7 of the thread.
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Table 3, Relation between tfand W/T of threads. T, Tensile strength; T/, T/T(Cotton) HE SR
Duration rate 7/ (Cotton).

Weight W=1Kg | Weight W=1.5Kg | Weight W=2.5Kq

) , T LT
Kind of material i : i

i Kg | wIT T wIT o 0 owT |
Amilen . 65.3 | 1.56 | 0.0153 8.91 0.0229 2,88 ¢ 0.0382 2.41

|
|
!
1 |
Cremona No.5 i §5.0 1 1.32 | 0.0182 | 2.64 0.0273 2.11 ;  0.0455 2,36
! i
i
|

Cremona Manryo | 62,8 | 1.50 | 0,019 | 0.373] o0.0238 | 0.381 | 0.0097
Saran ¢6.5 1.61 | 00150 | 0.227| 0.0228 | 0.135| 0.0375
Cotton 41.6 | 1.00 | 0.0240 1.00 0.0360 1.00 0.0600 1.00
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